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i ! I

THE IDENTIFICATION OF ROCK TYPES IN AN
ARID REGION BY AIR PHOTO PATTERNS

INTRODUCTION

Photo patterns useful for separating rock types by origin, i.e. igneous, sedirnen-
tary. or metamorphic, have been identified in previous work in air photo analysis.*
In published o ks, photo patternls are presented in two ways:

(I as partial lists of characteristics defining a particular rock type. or
j2) as applications of photo analysis methods, usually in narrative form,

to the rocks in a specified area.

Most of these sources discuss photo patterns and rock type identification criteria in
the second manner. Although published rock type identification criteria may be valid
for a particular site. their applicability to other geographic and/or climatic regions has
not been determined.

In general, sedimentary rocks are the easiest to identify on aerial photography
because stratification (layering) frequently shows as continuous banding patterns.
Separation of sedimentary rocks by type is also relatively easy. in part because much
work has been done and identification criteria are nlnmerous. Igneous rocks can also be
identified relatively easily because they are highly variable in photo pattern. This is to
be expected. because they are highly variable in composition and form. However, it is
more difficult to identify specific igneous rock types than specific sedimentary rock
types oin stereo aerial photography because only the more obvious identification
-ritcria have been used as indicators. Igneous rocks can be identified by type because
1,t the str ! i r\'la tIn1 li p I) CII photo tones and rock color and composition. In the
ptblished literaturc. t\ pical air photo patterns are presented for some igneous and
,'dim.tar\ r, ck,,. i1,hrdinie basalt. .rariite. shale, sandstone, and limestone.

Metani)rphic rocks are the most difficult to identify and separate, and as yet
lit) pht(to Ipalt er1 , ha,1\k- bey; I recoglni/ed that enable geologists to dedIce the Corn1-
po',ition (f itetainriorphiic rocks on aerial photography. Metanorphic rocks tend to
rt l characteristics of the paient rock. such as layering if they were sedimentar\.
aNrd 11is cal lead to conlfusion in aerial photographic interpretation. In addition, sharp
boundaries between metaniorphic rock types are usually a.bsent. Sone inetanorphic
rock photo patterns have been presented in the literature by Belcher, et al. and von
.Iaridat and Iii lliditari (,eoo. on the basis ofstLCttirC/ texture. i.e. gneiss. schist. or

Sec rcterence% tor a listing of published \,ork concerning Air photo anaysi, of rock 1) iew.
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slat'. 1Identificationl criteria have also been suggested by von Banidat for such rocks as
sIerpentine and marble. 2

Hil prior incomplete treatmnrt of rock type identification criteria, together
With kLIliStiOnIS as to their accuracy and universality. provided thle basis for this study.
Many of' these rock type identification criteria, although characteristic of thle rock
ais stude inte l or in a hiand specimen, cannot be seen onl vertical aerial phioto-
graphv . whereas otlher patterns or criteria as described inl thle literature are found to
be severly restricted when carefully analyzed. For instance. many phioto patterns
are restricted by climate, and this fact has been indequlLately considered inl thle pub-
lishied literature. Inl addition, I11. research over thle \, ears casts doubts, or at least
places restrictionis, onl somec well-publici/.cd criteria. Thus. the objectives of this studv
wecre to test and ev aluate existing, criteria to identify rock types onl aerial photography
in an arid environment anld to develop new criteria. The usefulness anld accuracy ol

recgniedcriteria weeevaluated by using them toidentify rocktpsolarl
Fort Bliss area contains Al three kinds of' rocks, it was selected as a research area
where rock t vpe identiflication criteria Canl be deeloped, tested, and evalated (figures
I and .20t

NEW. fm.

S.It"At

4FIGURE 1. Location of the

, messIFort liss,~ Texas/New Mexico
NE [XO iEA S Research Area, Which hnconiPasses

C-IV.AA *

.Aa~ Approximately 650.000 H ectares.

I I li'lkJr. .1. 1:ntm ind %lt,mimpit ReeL . ildijtarv ecoh :i., andi I lotst I. von lidiat,

N,, reicrcn- t1, .1j ulyw i m crcia -)n tiec 'c i,clo:\ it this jrc:
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P ROtUL)U RLS

I'lhe p~hoto MIalvS'S wasV donle onl Defense Ma ppilw ApenlcN I1 100.000 scale.
9)- by 9)-inch stereoscopic panch romnatic acrial phiotography flown by MIark HuInrd
inl IN)7., assemled as an uncontrolled pliotoinosaic. The study area was laid as onle
photo Iutosaic. lacili tating.. correlations between widel x separated area,,. Itie plioto
aalylsis was done exclusively by detailed stereo stuldy. Suppleiuentatr\ U,5. Air I orce

L)b\ Q)-inch panch ronmatic stereoscopic aerial pliotographi\. at a scale ()f I : 50'000tJ
(AI (j(35,1I %-) anld AF' 71I - 10, I971 I . was occasionally ujsed to resolvre prlo-
bleins related ito scale.

Fhe photo analysis proceduires used inl this study were dloped)C by Robert
I .1405)1. Tlhe procedures invoW lvedtailed stereoscopic analysis of photo pat terns
SO !hat the adII ii 0i coinr4enIts or pat tern elements of the landscape - land form.
drainage. vsio i. depIosit ion. W egetat ion, p~hoto tones. photo textures, culture, anld
special featutres - Lin he LIetl ed. iis met hod of analysis has been applied previously
onl reiC ualJ 3i1d ;OCal scales to identity rock types inl an arid env ironmenjt .4 in, tliis

:I 's,'u t StUdy%. 011i an LI "form., drainagc plan, and gradient anld cross section). photo
lncs\ and phlo otcx lures w\ere conIsideredI. Special feat' ires such as jointing and dlip

'111d stikc relationships were inI11cluinder landform.

Becatlse rock'tl 1% p~'cn n:Ilot be obser-ved directly onl aerial photography, it lutList
hc derived infecrentially from anlal\ ses of lthe above pattern elements. Drainage and
land h rn are the miost i inport a it because certain rocks or coinbi nat ions of rocks
prodILi Ct chia rac terist ic land h )rii and drainage pat le ms. [or exam ple, in terbedded

sed men tarv rocks otten produIcL' stair-step to~pography, and d iscontintious drainage
iassociat 'd v ith limeistone. Inl addition, photo tones are rclated to rock color and

comnnposition: to r e \anli'le, basalt, a dark -ray to black rock, is formled of dark-colored
ii nerails. an1d its p~hotO tone iaiiges froim dark gray to black. The term photo textuire
ie ters to the stirfaCc of thle rock as it ap pears onl the stereoscopic: aerial phiotogra ph\
[1hot1o test ores are reMated to c rodabi it y. whluich is inl part a ftinctionl of grain size and
oia dues, A.. fine-gorained rock. for example. will have a smooth, velvt., soft photo
texture.

I I r,,,. A'i.. Pholo, inljIcipiaionIi S,fli..n Rocks. 1953.Ik)1 11h A a 90



Analysis of these pattern elements provides clues to rock type, and when com-
bined and compared to rock type identification criteria, the clues become the basis
for predicting rock types. Table I shows rock type identification criteria by the
pattern elements of landform, drainage, photo tone, and photo texture. Published
criteria are shown in this type and newly-developed criteria, in italics.

(;cologic structure, such as joints, faults, and dips and strikes, also play a role
in rock type analysis, because changes in structure can change landform and drainage
patterns. For instance, in an arid environment, steeply-dipping limestones are much
more angular and rugged in appearencc than gently-dipping limestones. Consequently,
understanding structural changes is necessary to identify and correlate the various
lithologies in an area.

In this stud , each lithologic unit identified onl the photography was analyzed
to determine its origin. i.e. igneous. sedimentary. or metamorphic. Bedrock was sep-
arated into two groups - layered and non-layered. Layering is most typical of sedi-
mejtary rocks. lic laycrs or beds, normally continuous horizontally, result from
sequential deposition of materials of different compositions. Although sequential lava
flows (igneous rocks) Lio form layers, this layering can be differentiated from sedimen-
ta rx bedding on acrial jphotograp~hy by the darker tone of the lava, by the rougher
photo tcxtuire of the la a. ald by the different drainage and erosional characteristics of
the materials. Licring in inlamorphic rocks, seen on aerial photography. is usually
"remnant." i.e. a mihll\ metamorphosed sedimentary rock retains its layered/bedded
structure. Differentiation bct kcn "'remnant" layering and sedimentary bedding is
difficult, aild additilomal Plhoto characteristics of either sedimentary or metamnorphic
origin mutst be idcltIfiCid to differentiate between them. For instance, landforms in
sedimlcntar. rocks arc controlled by the bedding, whereas "remnant" layering in
umetamorphli: rocks c\ert,, no control onl landlorm. In general, however, rock units that
c\ibit lae urg on acrial ihotography are most likely sedimentary rocks.

[lie layered rocks were separated into lithologic units based on layering pat-
terns. differences in overall photo tone, slope, resistance to erosion, and ridge crestcharacteristics. The vertical relationship or stratigraphic position of sedimentary rocks

'encrally represents th sequence in which they were deposited, thus the lowest unit
is usually the oldest and the highest unit is the youngest. The convention of describing
sedimneitary units Icginning with the oldest (lowest) is followed here.

9, I- 3 ,'



FJIe il-layered rocks. either igneouIs or metaniorphic in origin, are irregular
in outline and uIsually exhibit a rougher photo teXture than layered rocks. Inl the
F-ort Bliss area, the non-layered rocks consistently interrUj)t thle con1tinuity of Sedilien-
tary bedding. which suggests they are igneous in origin. Subdivision of' the nion-layered
rocks Was dlifflicult because of' their variation and thle limited areal extent of' most or'

hie Lliii tS. They are separa ted in to inldividulal Uinits on the basis of' photo tone: photo
texture: rid-e crest characteristics: and the prevalence. degree. anld tyeC 01' joinlting.

Most Of thle lithlolgic Units idenltified onl thle photography were visited in) thle
field inl at least one localtion. H owever, in the ()ri~an Moun tailns. F'ield check i nu was
not possible because of' inilitary restrict ions. Also, some units inl the II ueco. Sacra-
men to. and J aril Li Mounta ins were no0t Visited bec~ause of di ficul t access.

Altecr the. photo anlvISiS anld f ield work were complete. J thle lithologic units
enlItit'iedl on thle aerial1 photora phi were comiipared to published gCeoloical dat a.

Fil, con firmled the. loc.ationls of, contacts and, ill addition, provided inlOrmationl on
the composition o01 rock units not visited inl thle field. 'I[he criteria usedI to idenltify\
the variouIs lifloie6S inl thle stuid a rca wvere e\.dala d as to their usefhless anld
tccuracy and new criteria were then de linied.

RI±SU LIS

SI~~~te111n lihlo nis crc identified oni tile aerial photograiphy. len ol'
tIeI int ar 1  ereI CCd (unit1s 1-1 throughi I I () ) and six are ilol-kavered (units

NI throuchi) Nb). I lie litholouvic units arc. showni inl ficure 3. l-ach of' thle lithologic

(Inits \%a! C alIIJItCtL inl terms ()f its characteristic landtfonu and drainage patternls (plan.
And trdetand cross section). an1d is photo tone and photo texture. A sunmmar of'
thec charaict crist ics for caclIi lit hohoeic uinlit is presented inl table 2. and descript ions aid

t ~illustrations ol' the uits are inl thle appendix. Analysis of* photo pattern elements
priwid ed thle basis b'r rock type prvdict'ioim. IWN 0lv ofilhe I0 units were % isitCL inl thle

fIeIIld in a least 01ne l)cal ml.' [he field dlata are pre-senlted. alongi- With thle data derived

l'romi phioto analysis. ile appenldix. A summiary ol' the iock type identif'ications f'rom

photo inak sis aiid field C aluations is shown inl table 3.

41 10
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TABLE 3. Origins and Compositions of the Lithologic Units in the Study Area
as D~etermined from Photo Analysis, with Field Names.

Identification Based Identification Based
Rock Unit Rock Origin on Photo Analysis on Field Work

LI Metamnorphic Schist or state Marble

L2 Metamorphic Quartzite and schist Quartzite

L3 Metamorphic Schist and quartz Quartzite
schist

L4 Sedimentary Limtestone Limestone with shale
partings

L,5 Sedimentary Limestone with shale Limestone and shale with
some siltstone and mninor
sandstone

L6 Sccdimnitary Limtestone Limestone, with shale,
sandstone, and conglo-
merate

1-7 Sedimentary Limestotne Limestone (?

L8Sedimentary Limestone Limestone

Lo- Sedimentary Sandstone Not visited in the field

1-10 Sedimentar y Sandstone Sandstone

N I Igneous Granitic* Granite

N2 Igneous Andesitic* Quartz latite/rhyole

N3 Igneous Granitic Quart, monzonite/
quartz latite

N4 Igneous Andesitic or dioritic* Quartz diorite/quartz
.4 monzonite/dacite

*N5 ignecous Rhiyolite or diorite Not visited in the field

N6 Igneous Granitic Not visited in the field

* *1jutfeii ce namtes of igneous rocks, such ias granite and andesite. connote specific mineral asscrnbtagcs and percentage
talire, of ineiral compfonent%, only general ternis can he used to identify igneous rocks on aeriat photograptt. the terin
-aatunLc " "ill be used to (the sense of it light-colored. coarse-grained. silicic igneous rock, andi inctudeIs granite. 'rano-
dirt iuart/ d on (C, And monzon ite. ''Andcs, t ic" refers to a mtedtium comtposit ion, i.e. between silicic and inafic.
I t - t , ttted itt-graintei igneo us ro ck. 'nie mcdiurtt or in termtedia te range, therefore. inctudes ta tites, andest tes, and

b~'cs ut niot rht,)litcs ot lasalts.

23
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D)ISCUSSION

mhe origin Of eachI lithlolgiC Uit, .e. igoeous. mectamorphic. or sedimnen tary'.
was correctly predicted inl photo analysis. Tile rock units were casily separated into
layered and non-lavered grou s, a standard method for determining rock origin oil

aeilphoto-raphy. l:Venl though11 igneous and metamorphic rocks sometimes formn
lay eredI SeqculCeS (and inl thle I- ort Bliss area metamorphic rocks do). by far the largest
proportion of layered rocks are sedimentary. Non-layered rocks are necessarily, eithecr
ilgneouIs or metamorphic. and inl thle Fort Bliss area. the ire igneous. Standard criteria.
including the irregularity of' ir.gneous bodies, their lack of' linearity, the presence of1
pervasive jointing. and curx ed boundaries. were used to inake this determination.

Sedimentary Rocks 0 Limited field work showed that thle predominant rock
type wvas correctly identificd inl photo analysis for each sed imentarN mapping unit.
Limestone. thle most comminon rock type in the study area, was easily idenltified bcause
of' its t vpio.al appearance onl aerial photography in an arid climate. i.e. sharp. nlarrow
ridge crests, ighI resistance to erosion, angularity, and light photo tone. Criteria
that identify limestone b'ried in anl arid enivironment are lacking. or incorrect, in
thI)l publed lit eratureC. anld thle criteria Used hiere are generally Un puiblished. Somec
(of the criteria for limestone forined in temperate or IIumid regions are ajpplicable
to thlose formled ill anrd reg-ions. but these are few inl number. Prima rily unpu)Lblished
ri-teria wee ls UIS sed to ide.ntit'v sandstone. No new criteria were rvcoenimzed to aid

diftIc renltiat ion amonu117 thle Sed ijn tarv rocks or to different ia Ic betwen sediment arv
a11d other t\ pes of' rocks,

U.nless .I rock type formled tile major part of' a mapping unit. it was not noted]
on the photograph>. Such rock types i ncltided sandstone. conglomecra Ic. and Sil tSt one
interbedded with limestone. These rock-i are highly calcareous so they have eroded
and( weaithered in a manner similar to soluble. carbonate rocks. Thie ,,ame pattern
elemnilts chlaracterist ic of' soluble rocks, suIch as pervasive jointing, angular-ity of* out-

* crop, and scalloping along baseline contours. are most p~rominen t in the calcareous
sil It4olies. Sandstones. and conglomlerates in interbedded sequences inl thle Fort Bliss
area. Ihei aippearance: of' thlese calcareous rocks, at least onl tile 1:A100,000 scale pliotoq-
raphv . is tilerehre Itha t of' liestone. and as a result, theSe rocks were not identified

Il HiiitS coMin osed pri marily of' limecstone.



)uring the field work predictions of rock typt, were confirmed, and correlations
between mappitng Units determined on the aerial photography were verified, i.e. the
rocks designated unit L4 in one location were determined to be the same as those
designated unit L4 in another. About 00 percent of the study area has been mapped
geologically: hence, additional correlations can be Made using these maps.* The

correlations for the sedimentarv rocks in the study area are shown in table 4.

TABLE 4. (orrelations Betveel Sedimentary Photo Mapping Units
and Published Geological Data.

Photo Unit Published Geological Data

[4 Montfo a and FI Paso limest nes 4 Riclhardson)
Miontoya and 1'1 Paso l.imest es with some Ilueco and

Magdeletia [heltsolles l)unham)
Montoya Doh lomite, H1 Paso L.imestone, and I- usselman

l)olo:uilte (I'ln hour. I Q72 )

1 5 Iltucc Limestone (Richardson. Schmidt and ( addock)
Magdelena Forimation and I uke.' [rirrestone t a rhour. 1972)

I.6 II O I auco imiesi ne, h wei divisiotn (King, ei al .)
Iftueccu Lm.iiestuo nc (Schmitrd anrd C'riaddock

.7 ILIeco Limestone, middle divrsioir (King. eti a. A
Bliss Said ,tone I 1 Paso aid Moulto)a I" tialons (Pray.

1961 )

I' No) INFJRM AIION

9 Malgdcleir;.i (rirup, 'Yeso [oro atioi. San Andlhs [orHIatir0n
(Pray, I)01

I It) NO INI-ORMATION

1, 'I I 'If~ ' .1 1r1i011 It 'cIcrl itIiiwI i ik I o tr 'iu,
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A
A problem appears to exist with units LS, Lb, and L7 on the eastern side of

the study area within the Hueco Limestone on published maps. The two lower divi-
sions of the Hueco Limestone identified by King. ct al. correlate with units L6 arid L7
in the southern part of the study area,5 No published data exists for the area around
Campbell Tank butte where unit L5 is best exposed. so the correlation between
unit L5 and the ltueco Limestone cannot be made in this area. The Ilucco Limestone
mapped by Richardson, Schmidt and ('raddock, and Harbour was not subdivided.i

Tile rock type prediction made ii photo analysis for unit L9 in the SAcramento
Mountains is incorrect. Based on application ot standard photo interpretation criteria.

unit L9 was identified as sandstone. fhese criteria include an angular, joint-kon-
trolled, coarse-textured dendritic drainage pattern: long, straight stream segminents:
deep, narrow, steep-walled canyons: broadly rounded ridge crests arid spurs: moderate
resistance to erosion: and light photo tone. Pray indicates the rocks in this area include
interbedded shales, sandstones. and limestones, but that limestone and shale pre-
dominate. 7 Sandstone forms about 14 percent of the rocks included in unit L.
and it appears that the sandstone pattern elements obscured the limestone and shale
photo patterns to the point that the sandstone pattern predominated. This suggests
that tile sandstone is not calcarous. Further work is needed to refine or better define
criteria used to idenltity sandstone in an arid environment in particular, in addition
to idCntifr.wn sedimentary rocks in interbedded sequences.

Also, a major problem exists in correlating the photo mapping units in the
Sacramento Mountains with tile mapped geological formations. It is obvious from

Pray 's work that the Sacramento Mountains have been uplifted far more than had
been thought from tire photo analysis. 8 Essentially, tile tlueco Limestone, the lowest
stratigraphic unit in tile southern part of tile lueco Mountains, has been uplifted
so much that it is in the middle of' tile stratigraphic sequence in the Sacramento Moun-
tains. 'he difference in elevation between these two positions is about 270 meters
(900 feet).

i1t H king. ct a.,. fiucco Mountains.

,3. Richtardson, I ranklin kountains. Paul Schmidt and Campbell (raddock, Jarilla Mountains: and

R. I . Harbour, Northern I ranklir Mountains. 1972.

7lo d C. Pra) . Sacramento I scarpment. 196 1.

81id.
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The area mapped as unit L7 in the Sacramento Mountains was mapl. as
Bliss Sandstone, Fl Paso Limestone. and Montoya Limestone by Pray. 9 The formations
correspond to units L3 and 1.4 in the Franklin Mountains. Pray shows the lower
portions of unit L9 as part of the Magdelena Group (limestones), which appears
elsewhere in this study as part of unit L5. The area designated colluvium on figure
3 (CO) is underlain by tueco Limestone and the Abo Formation (limestone, shale,
and sandstone), and the upper portion of unit L9 is mapped by Pray as Yeso and
San Andres Formations (mainly limestones).

Igneous Rocks 0 Igneous rocks were correctly identified as such in photo
analysis. Analysis was made of the photo pattern elements of igneous rocks to derive
information on composition (coloritone) and grain size, which are the basis for the
classification of igneous rocks. Standard photo interpretation criteria to identify
intrusive igneous rocks in an arid environment were successfully applied. These include
the absence of linear patterns and regularity, the presence of jointing, and curved
boundaries. Most of the criteria used are present in the published literature, including
papers by Belcher, et al., Frost, et al., Lueder, and Way and in Military Geology. 10
Analysis of hand specimens showed that compositions are slightly more silicic than
predicted.

Granitic rocks were all correctly identified as such on the aerial photography
using the criteria listed above. In addition, curvilinear sheeting joints and a rounded,
lumpy texture were recognized as probably indicative of granitic rocks. Curvilinear
sheeting joints, usually subparallel to the land surface, result from the release of
pressure as a result of unloading. They are common to granitic rocks and occur in only
one other type of rock. gneiss. which is distinguishable from granitic rock because
of its lower resistance to erosion in this climate: linearity: generally darker photo
tone: and rougher. more uneven, knobby photo texture. Curvilinear sheeting joint"
can be seen on vertical aerial photograply on side slopes.

9 tlo. d (. |'ra) S.1craTicnh,, I skjrp ent. I961.

ll. J. Hclche, cf ii.• I Ifllt'otljx and Metamorphic Rocks. Robert I. I rosh. cL al., Ploto InlerpreLtaton ol Soils
and Rocks: 1953 io ahld R. luid I. 'r,al lot ra /ic !ntcrpretation. and )oug las S. Wa Terrain Anahrss.
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Where curvilinear sheeting joints and vertical joints occur together, a texture
is produced on granitic rocks that can only be described as rounded and lumpy.*
This texture is apparent on aerial photography on outcrops as well as on large bodies
of granitic rocks, where it is superposed onto the com,,.on domal shape. A rounded,
lumpy texture has been observed on granitic rocks on aerial photography ranging
in scale from 1:10,000 to I:120, 000. It is also apparent in the field at all scales
in semi-arid and arid environments. If the vertical joints are very closely spaced, grani-
tic outcrop will appear blocky on the aerial photography; but when viewed closely
in stereo, the blockiness is found to be rounded, rather than angular (see figures
3. 4, 10. 11, 12, and 14). More observations are required to determine whether
this texture is characteristic of granitic rocks in all climates.

Previous research by Frost: Frost. et al.: and Leuder, among others, has stated
that the identification of the intermediate composition and grain size igneous rocks
is very difficult on aerial photography, and this statement is partially confirmed in
this study.' I In their classifications of igneous rocks as applied to aerial photography.
most authors, including Belcher. ct al,: Frost. et al.; Military Geology;, Avery; von
Bandat. and Way discuss only compositional extremes, basalts, granites, and occa-
sionally the fragmental (py ,roclastic? rocks.1 2 The basis for these classifications
is that the rocks with similar grain sizes will appear similar on aerial photography'
but other directly observable characteristics, photo tone in particular, readily enable
identification of at least three groups of' igneous rocks on aerial photography - dark-
toned 1mafic composition), medium-toned (intermediate composition), and light-
toned (silicic composition). If the end members can be identified, the intermediate
members, i.e. those left (ver, should at least be included in a separate group.

Igneous rocks with intermediate compositions were identified as such on the
aerial photography, but predictions of grain size. based on analysis of photo texture
(tie way the rock material looks on the stereo aerial photo) were not always correct.
Intermediate composition was correlated to medium photo tone. New criteria to
identify the fine-grained, intermediate composition (andesitic) igneous rocks on aerial
pihotography include long. smooth slopes- blocky peaks- vertical jointing, a medium
to dark gray photo tone: and a rough, blocky photo texture.

*(Othor rock types, such as sandstone. conglomerate, and gneiss, also appear rounded, but in these instances, the

rounding is due to wcathering and not to isinting. Their testures are uneven and knobby, not lumpy.

11 Robert I. U rost, [valuation otf Soi s and Permafrost Conditions. 1950: Robert E. Frost, ci al., Photo Inter-

pretation of Soils and Rocks. 1953 and )onald R. Lueder. Aerial Phoiographic Interpretation.

12D. 1. ielcher. ct al., Igneous and Metatnorphic Rocks; Robert 1'. i rost. Photo interpretation of Soils and
Rocks. 1953; Militaryv (;eologv. Iugene J. Avery, Interprelation J Aerial Photography. 1horst F. von Bandat,
.otexeolgy; and I)ouglas S. Way, Tr'rrain .. lnalt'sis.
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Fhe intermediate composition rocks in the study area include units N2 and
N4. No problems were encountered with unit N2, but rock type identification in
unit N4 was partially incorrect in the Organ Mountains. Unit N4 was identified
in photo analysis as andesitic or dioritic, i.e. intermediate composition and fine to
medium -rained. Dunham shows that the northeast area of unit N4 is a medium-
grained quartz monzonite, and the southwest area is a porphyritic rhyolite, similar in
description to unit N2 in the Franklin Mountains.I 3 Compositional and grain-size
predictions were basically correct for the southwest part of unit N4 in the Organ
Mountains, but were incorrect for the northeast part.

Metamorphic Rocks * The metamorphic rocks in the study area pose a
different problem than either the igneous or sedimentary rocks. Their classification
and nomenclature are based on their chemistry rather than on a combination of
chemical and physical properties- thus, they are very difficult to identify in a hand
specimen. much less on 1: 100.000 scale aerial photography. In most cases, ncta-
morphic rocks can only be correctly identified under a petrographic microscope.
Sedimentary rocks, for example, are classified by grain size: a clastic rock with sand-
sized particles is a sandstone, regardless of the composition of the individual grains.
1he grain si/c of a metamorphic rock. on the other hand, has nothing to do with its
classification, which is dependent on the temperature and pressure regime in which tile
rock was formed. A low-grade metamorphic rock formed from a sedimentary rock such
as shale, for example, would contain quartz, muscovite, chlorile, albite. epidole. and
tourmaline. When subjected to more heat and pressure. chlorite and tourmaline dis-
appear because they become mi~stable and are replaced by biolite. which is stable Under
the new pressure temperature conditions. Because of this compositional cOmIle.\it%.
metamorphic rocks are usually ignored in discussions of rock type identification
criteria on aerial photography, or are treated structurally/tcxturally, i.e. as gneissic,
schistose, or slaty. A s stenatic approaach leading to the identification of metamorphic
rocks by composition rather than by texture;'structurc has not as yet been developed.
All metamorphic rocks in the study area, however, were correctly identified as meta-
morphic in photo analysis. [his was done by a process of elimination rather than on•
the basis of inherent charactcristics or photo patterns o' the particular rock. I he
conmbmation of the 'arious characteristics of each of the metamorphic rock units did
not c.orrelate with the characteristic patterns of any igneous or scdimnentar\ rock. so
Units L I 1 2, and [3 w ere assumed to be metamorphic.

,1 30

0"TA



Some general characteristics, not specific identification criteria, were used to
interpret metamorphic rocks correctly on aerial photography. Two such characteristics
are metamorphic grade and occurrence. Metamorphic grade can be determined by
evaluating the resistance of a rock to erosion; the higher the grade, the denser and
harder the rock and the more resistant it is to erosion. High-grade rocks, those highly
resistant to erosion, include quartzite, amphibolite, and granulite. Low-grade rocks,
those less resistant to erosion, include some greenschists, phyllite, and hornfels.

The way a metamorphic rock occurs can also provide clues to rock type. Meta-
morphic rocks occur either locally or in regional terrains, and the typcs of rocks in
each occurrece can differ. Those that occur locally include eclogites, blueschists,
and serpentinite, and those that occur in regional terrains include greenschist, amuphi-
bolitc, and granulite. Some rocks, such as greenschist. marble, and quartzite, can occur
in either way. However, if fhe interpreter can determine the type of occurrence, he
can significantly ieduce the number ol possible rock types with which lie has to deal.

Published identification criteria did not serve as an aid in identifying meta-
morphic rock units in the study area. According to the criteria listed in table 1, LI,
L2. and L3 correlate most closely with a schist. which is what they were predicted to
be. The correlations are very poor, however, and based purely on published criteria.
one would have to consider these rock units sedimentary. The published criteria for
marble were useless because thev are so few. As a result of photo analysis of unit
LI at Fort Bliss, several criteria were identified that can aid in identifying marble
in the future. These are smooth ridge crests and the fine, smooth photo texture. There
are no published criteria for quart/ite. which comprises units L2 and L3. Re-evalu-
ating the photography after completing the field work, however, has suggested several
criteria that can be tested in future work. These criteria include a high degree of
resistance to erosion: high relief: moderate jointifig: lightly rounded ridge crests:
an angular drainage pattern: steep-sided gullies: and a mediumn-to-coarse, rough and
uneven, photo text ure.

[he metamorphic rocks in the Franklin Mountains are local in occurrence and
result from contact metamorphism. This was not r'cogni/ed. however, until the rocks
were field checked. 'o units [A . 1.2. and L3 were identified as amlong those rocks
that occur in regional terrains. [Ihey were also identified b, structure/te\ 'tre rather
than 1) rock type (composition). Relative metamorphic grade. however, was correctly
n terpreted on tile photography.
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Tile metamorphic rocks in the Franklin Mountains are local in occurrence and
result from contact metamorphism. This was not recognized, however, until the rocks
were field checked, so units L 1, L2, and L3 were identified as among those rocks
that occur in regional terrains. They were also identified by structure/texture rather
than by rock type (composition). Relative metamorphic grade, however, was correctly
interpreted on the photography.

TABLE 5. Correlations Between Metamorphic Photo Mapping Units
and Published Geological Data.

Photo Unit Published Geological Data

..I Lanoria Quartzite (Richardson)
Castner Limestone and Lanoria Quartzite (iarbour, 1960)

L2 Lanoria Quartzite (Richardson; Harbour, 1960)

L3 Bliss Sandstone (Richardson)
Bliss Sandstone ant' El Paso Limestone (Harbour, 1960)

In table 5, the correlations between photo-identified netaiorphic rock units
and lithologic identifications from the published literature, are shown. As noted above,
units L2 and L3 were determined to be quartzite as a result of field work, and the
only discrepancy in table 5 concerns unit LI. The rock unit was incorrectly identified
on the aerial photography as schist: whereas field work suggested it was marble. How-
ever. Ifarbour's detailed mapping of this part of the Franklin Mountains shows that
marble is present only in isolated blocks: the mlajority of unit LI is quartzite.t 4 The
001y outcrolps in unit LI visited in the field just happened to be within the areas of
marhle. lht areas Ilarbour designated as marble ((astner Limestone) were noted as
di fferent on the aerial photograpqhy, but they were thought to result from a change in
crosion pattern on steeper slopes rather than from a change in rock type.

I ", 14 V I. I I.r' 1-m . I-!,' iftibrian R -) ,ks. I )(,f
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CONCLUSIONS

I In the published literature, claims are made that of tile igneous rocks, only

granite and basalt can be identified on aerial photography, i.e. that one cannot identify

rocks of intermediate composition. The results of this research show that

(a) Although published criteria for granite were found to be valid, newly
developed criteria were verified that are even more useful.

(b) Intermediate composition rocks can be identified on aerial photo-
graphy. Descriptions of these rocks are provided and can form the

basis for developing identification criteria.
(c) To date, there is no comprehensive classification scheme for identify-

ing igneous rocks on aerial photography.

In this report, it is suggested that such a classification scheme. based on airphoto

patterns, can be developed for the full range of igneous rocks.

2. In this study, it is stated that the existing criteria for metamorphic rocks are
too general and that they do not appear to be applicable in arid regions. A basis,
depending on type of occurrence and metamorphic grade, was laid for the development

of criteria for metamorphic rocks in this environment.

3. [hese results are applicable to

ta) Manual techniques of f'eaturc extraction for developing digital data
bases, such as those required hv the )efense Mapping Agency
(1 LMS, TTAI1)B.

(1) Ic rrmn a nalysis.
i) lHic elcction of engineering sites. th location of mineral resources,

and the location of engineering materials.
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APPENDIX

PREDICTIONS OF LITHOLOGIC TYPES

Layered Rocks 0 Unit LI is located on thle east side of the Franklin Moun-
tains along the fransmountain Highway (figures 2, 3, and 4). Thle photo pattern
elements defining unit LI are shown in table 2. Faint layering sugg'ests that unit LI
is sedimentary rock. Thle ridge crests are most like limestone ridge crests. but the
photo tone is too dark for limestone in this climate (table I ). In addition. differences
in hardness, which are characteristic of' linestone sequences, are not apparent on thle
ridge slopes and Spurs. Unit L I has none of' the characteristics of layered igneous rock
flow material) either I table I) 'fhle alternative is that unit L.I is a inetainorphic

rock. probably a low-rade schist or a slate. Thle layering suggests unit LI was orig-
inallv sedinientarvN.

Irield observations show that unit LI is a marble, rather than a schist. It con-
sists of alternating bands of recrystallized rcddish-tan calcite cr .stals and pinkish-
or greenish-gray bands ( figure 5)- The lavers are x cry thin, ranging from less than
I millimeter Ilto25 millimeters in thickness, I he darker I I,.crs aepoal oo
mlitic in C01nipOSitiOn )bcauIse they etfcrxes.c c rs siowl\ Inl diliull :iydrochloric acid.
Large reddish-bhrown idocrase porpihyroblasts ire associ~itcd with thle doloinitik: lavers.

FIGURE 5. (lose-up ol the Marble F'onning Unit Li.
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Unit L2 is located in the central part of the Franklin Mountains, stratigraph-
ically above unit LI (figures 2. 3, anti 4). The photo pattern elements of unit
L2 are shown in table 2. Sedimentary characteristics, such as layering, are stronger
in unit L2 than in unit LI , but if LI is metamorphic and if the two units are
conformable, which they appear to be, then unit L2 is probably metamorphic also.
The prominence of layering can be explained by a sedimentary origin. Unit L2 is
hieher in metamorphic grade than unit LI because it is more resistant to erosion.
Iligher grade rocks, such as gneiss, are usually regional in occurrence, not local, and
it is highly unlikely that a gneiss would directly overlay a lower grade schist. The light-
toned resistant layers may be quartzite, and the less resistant, darker toned layers,
similar in appearence to unit LI, are probably low-to-medium grade schist like unit
Ll.

Unit L2 was field checked just north of the Transmountain Highway (figure 6).
It is quartzite. and ranges in color from light to dark gray. The medium-toned, darker
gray layer. thought to be schist on the aerial photography. is a darker gray quartzite
with occasional black stringers of very fine grained material. The quartzite dips 35'W.

-° .i

.7:.

FIGURE 6. Quartzites of' Unit L2. Just North of the Transmountain Highway.
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Unit L3 occurs in the northern and central Franklin Mountains (figures 2, 3,
and 4). In the northern Franklin Mountains, it overlies unit NI and along the Trans-
mountain Highway, it overlies unit N2. It always immediately underlies unit L4.
On the photography, the contacts between units NI and L3 and between units N2
and L3 appear to be unconforinities - they are irregularly curved. In one location,
unit L3 overlies unit N2, indicating it is younger than L2. Unit L3, described in
table 2. is probably metamorphic like units LI and L2. The lighter toned layers
of unit L3 do not appear to be as resistant as their counterparts in unit L2, so they
are probably a competent schist. perhaps a quartz schist, rather than quartzite. The
darker toned layers are probably a low-to-medium-grade schist like their counter-
parts In unit L2.

Field investigations show that unit L3 is a pink or reddish quartzite. The
darker toned layers identified as schist on the photos arL the darker, reddish quartzite.
Unit L3 is much more extensive than determined in photo analysis, extending from
the Transmountain Highway area, south to the tip of the Franklin Mountains. Dips
at the southern exposures were about 20'W.

Unit L4 is located in the northern and southern Franklin Mountains, on Bishop
Cap, and in the southeastern leg of the Organ Mountains (figures 2, 3, and 4).
There is no question that it is sedimentary in origin (table 2). Layering is very pro-
minent, and the continuity of the layering is maintained over a large area. The sharp
ridge crests, light photo tone, and high resistance to erosion are characteristic of
limestone in an arid region (table I ). The less resistant, darker toned layers may also be
limestone, because they are not soft enough to be shale and they are not rounded like
.randstonc.

Field observations show that unit L4 is limestone, as predicted in photo ana-
lysis. with some shale partings in the southern exposures (figure 7). Dips at the
southern exposures ranged between 330 and 360 W. but along the Transmountain
Highway. dips were over 50'W.

Unit L5 occurs as a relatively continuous unit between McGregor Range Camp
and Route 506 in the tlueco Mountains and in tile northern Franklin Mountains.
It torms part of Bishop (ap, and also occurs as inselbergs of varying size surrounding
the Jarilla Mountains and in the tlueco Mountains (figures 2, 3, 4, and 8). Unit
1_5 is the lowest stratigraphic unit on the eastern side of the study area, and the
highest unit on the western side. The photo pattern elements of unit L5 ale shown
in table 2. In addition to the stratigraphic position of unit L5 (above unit ! 4).
layering. linear boundaries that parallel unit 1.4, and stair-step topograph', suggest

14



it is sedimentary rock (figure 9). Rills on tile darker toned layers, indicative of a
high clay content, and the smooth, fine, photo texture suggest that they are shale. The
light photo tone, angularity, and ridge-capping characteristics of the lighter toned
layers suggest they are limestone.

.A-1
". 

1 

FIGURE 7. Unit L4 at the Southern End of the Franklin Mountains.

Unit L5 occurs as a relatively continuous unit between McGregor Range Camp
and Route 506 in the Ilueco Mountains and in the northern Franklin Mountains.
It torms part of Bishop Cap, and also occurs as inselbergs of varying size surrounding
the Jarilla Mountains and in the Ilucco Mountains (figures 2. 3. 4, and 8. Unit
L5 is the lowest stratigraphic unit on the eastern side of the study area. and the
highest unit on the western side. rhe photo pattern elements of unit L5 are shown
in table 2. In addition to the stratigraphic position of unit L5 (above unit L4).

* layering, linear boundaries that parallel unit L4. and stair-step topography, suggest
it is sedimentary rock (figure 9), Rills on the darker toned layers, indicative of t

* high clay content, and the smooth, fine, photo texture succest tha are shale. The light
photo tone. angularity, and ridge-capping characteristics of the lighter-toned layers
suggest they are limestone.
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FIGURE 8. Stair-Step Topography in Unit L5 Near Charley
Tank in the Hueco Mountains.

All major eXp)osures of unit LS onl the eastern side Of thle Study area were
visited in the field. LS consists of limestone and shiale, as predicted from photo
analysis. D~ips onl thle limestone beds range from 5' to 90 [, Limestone outcrops.
ranging in color from Medliumi to dlark gray, are common, and inuch of' the limestone
is lossiliterous. Red and green shiale particles were found about 0.3 mneter below thle
soil surfaice and in sIml l-gullevs along the roadsides. A reddishi sandstone was tound
inl one location near C am pbell Tank. I liglly calcareous cream-or bul'f-colored silt-
stone and sa ndN si ltstone were commnonly fon d in this sequence inl association withi
thle shal1cs. [hec marked stair-step topography so visible in thie aerial photography
was surprisingly subtle when viewed onl thle ground, and thle sharply-defined layering
on) the photography, was indistinct when viewed onl the ground (figure 9). Shiale and
siltstone Formed thle grass-covered stair treads, and limestone formed thle shrub-covered
risers.

U. nit Lo is thle largest nmappinrg uiit in the study area. form ing a Continuous
exposure fronm the southiern b)oundary to near Borrego Tank in the I lueco Mountains.
It forms a series of' inselbergs from ( Iampbell Tank northiwest almost to Route 54
aid a loneu th Ic tail ,ounta in boo ndary north of Borrego Tlank (figures 2.3. and 1 0 .
1 0 Ams( occurs in tfie ext renne northiern and son flhern parts of' thie Otero Mlesa and in

he .larilla Mountains.
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Scale: Reduced from 1 :50,000 to 1:59.000

FIGURF' 9. Units L5 and L8 Near Campbell rank.
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The stratigraphic relationships, together with the continuity and extent of
layering in unit L6 on the aerial photography, indicate that it is a sedimentary rock.

Unit L6 consists of two parts as viewed on the 1:50,000 scale photography- the
Lipper part is medium to dark gray in photo tone (L61 ). and the lower part is marked
by a verx light toned layer that produces a swirled pattern (L62) and as a result.
is more striking (figure 10). None of the more obvious characteristics of either sand-
stone or shale is present. The prominence of the ridge crests and the high degree of
resistance to erosion suggest that both parts of unit LO are limestone (table 2).

Field observations show that unit L6 not only contains large amounts of lime-
stone, but also numerous sandstone and siltstone beds, along with some shale and
conglomerate. The limestone normally ranges from light to very dark gray: cream-
colored and fusilinid-rich purple limestones were also encountered. The very light
toned layers, so prominent on the aerial photography, are calcareous sandstone (L62,
figure 10). The sandstone can be separated from the limestone in the same area on
the ground, even though similar in color, because of the rounded appearance of the
sandstone beds, which contrasts with the more angular limestone exposures. Tile
swirled pattern of these sandstone beds is the result of erosional processes. l)ips on the
limestones were 20°1- in Pow Wow Canyon, along Highway 180/62, and 6F near
llackberry Tank.

Unit 17 is located on the lower slopes of the Sacramento Mountains, along
the Otero Mesa escarpment in both north and south, in the southern part of the
flueco Mountains as far nortl as Borrego Tank. and on the southern part of the Otero
Mesa (figures 2. 3. and 10). The most continuous exposures of unit L7 are in
the IluCco Mlountains. The stratigraphic position and continuous layering of unit L7
suggest it is sedimentary in origin. There are no characteristics suggesting that it is
composed of cither sandstone or shale or that either rock type is present in all inter-
bedded ,,equence (table I). ['hcrefore, unit L7 is probably limestone.

Unit 1 7 was not visited in tile field, but one area designated unit L6 on the

photography that was visited in the field is probably part of unit L7. In the upper
parts of' lay Meadow Canyon. layering is indistinct with the beds outcropping as
flat ledges, which is more characteristic of unit L7 than of unit L6. The hills are
rounded, and they are relatively low in height, also more characteristic of unit L7.
The limestone bedrock is sparse in comparison to other areas designated unit L6
and visited in the field. l)ips in this area range from 20 to 7.L.
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Unit L8 forms the Otero Mesa and the buttes between Ivan Grey and Broyle
Tanks below the Otero Mesa escarpment (figures 2, 3, 8, 10, and 11). Table 2
shows the photo pattern elements of unit L8. The stratigraphic position of unit L8
above unit L7 suggests it is also composed of sedimentary rock, as does the presence
of layering, although faint or subtle in the photos. Discontinuous drainage, gulley
cross sections, and sinkholes suggest it is soluble and relatively flat-lying. It is there-
fore probably limestone. Several areas on the Otero Mesa were visited in the field,
as was Campbell Tank butte; the bedrock was medium gray limestone.

Scale: Approximately 1:100,000

FIGURE 11. Units L5, L8, and LIO along the Northern
Otero Mesa Escarpment.

Unit L) occurs only in the Sacramento Mountains (figures 2, 3, and 12).
Photo characteristics of unit L9 are shown in table 2. The stratigraphy and layering
suggest that unit L9 is sedimentary rock. and there are no indications on the photog-
raphy that it is either igneous or metamorphic (table I). The coarse drainage pattern
suggests it is formed of permeable materials such as sandstone. The broad, rounded
ridges and spurs are typical of sandstone in an arid climate, as is the angular drainage
pattern, which suggests joint control. Unit L9 is probably sandstone. L9 was not
visited in the field because of difficult access.
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Scale: Approminately 1 :100.000

FIGU R L. 12. t. nit 11) inl the Sacramento Mountain,,

Unit L-10 e - tends sout(h f'rom Route 500 to u1t f I lay Meadow Tank
i hietrcs 2. 3. anld I I ). It forms a narrow, discontinuou, A. .ih m thle base ot' thle

Omo esa ecarpineut. except south of' [lay Meadow 1 aip tv rcIt form-Is a bench.
III table 2. the photo patterns, of unit L 10 are shio%\il ec of layering.
Altlioug indisllnet. Indicates LA10 is a sedimentar)y roc*k I nded contours of'
the ton temp skigeet'1 It i,. less resistant to erosion thanl the Ii 11f1 )1units L5, Lo.
Andlt I -, It is nt as Nof-t and easily eroded as shale fit liii i. i~t knobs,), anld it
doesc, not lod\ e ille 'er\ dense dendritic drainage pattern hati of tt sale inl this
climate ft able- I ). thlese photo pat tern elenmen ts suggesct I! Ohmilv sandstone.

I nit 1 10f dearly underlies units L7 and LS, and pr )\~erlies unit LO.
-Ill sollec plakceN fio\%ever. it appears to overlay unit L,5, hii ioo em. it appears to

un1derlie unit1 1 I ts anoiolons position inl these loca t i iba bjllv the result
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Unit L 10 was visited in the field at the southern end of its exposure in Martin
Canyon. The rock ranges from a friable, bright red to red-orange sandstone to a highly
indurated purple-red sandstone. The dip of the darker rock is 28°W and that of the
brighter rock is between 80 and 10'E. The dip reversal is probably due to faulting.
Unlike other sandstones in the Fort Bliss area, unit LI0 is not calcareous. Unit LIG
was also found in the Otero Mesa escarpment.

Non-Layered Rocks 0 Unit N1 forms most of the Jarilla Mountains and
is present on the lower slopes in the northern and eastern Organ Mountains and in the
eastern Franklin Mountains (figures 2, 3, and 4). The photo pattern elements of
unit N I are shown in table 2. The absence of linear and regular pattern features.
the rugged topography. and the curvilinear upper boundaries in the Franklin Mountains
suggest unit N I is igneous rather than metamorphic in origin. The lumpy photo
texture suggests unit N I is coarse grained. and the light photo tone suggests it is
silicic in composition. These are characteristics of granitic rock, as are the curvilinear
sllectig joints, so unit N I is most likely granitic in composition.

Unit NI is the lowest unit wherever it occurs, except in the Jarilla Mountains.
In the central part of the Franklinl Mountains. it underlies unit LI: but elsewhere in
the Franklin Mountains. it underlies unit L3. The curvilinear boundaries between
N I and these layered units are roughly parallel to the boundaries between the layered
units. The curved boundaries suggest the contact is an intrusive contact. rather than
a Fault contact. An intrusion would have contact metanorphosed the rock units above
aid below it. which would account for the low grade of the metamorphic rock units
[.I and L2. The boundaries between N I and other units elsewhere in tile study
area are also curved, which suggests N I is intrusive throughout the study area. Ad-
ditional evidence of the intrusive nature of unit N I is present in the Jarilia-Mountains,
the blocks of sedimentary rock surrounding the mountain range consistently dip away
from it. indicating a dome shape. Contact metamorphism probably occurs along all
contacts with unit N I.

Unit N I "as field checked along the Transmountain Highway in the Franklin
Moun' taintS (figure 13P. It is a granitic rock, as predicted, and is probably a true

*granite - it contains quart/. and both feldspars. Fresh rock surfaces are buff or cream-
colorCd. In Somc places. there is a faint desert varnish. Blocks of unit LI are present
within N I in this location, indicating NI was intruded into unit Li. A second.
d ' irker colorcd. coarse-graincd rock that contains more plagioclase feldspar is located
updpslope froin the granite. It is probably a quartZ diorite or diorite sill.
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FIGURE 13. Knob ot Unit N I along the Transrnountain Highway
in the Franklin Mountains.

Unit N I was also field checked in the Jarilla Mountains. where it is a mnediumi-
to coarse-grain ed rock, probably a nionzonite (figure 14). Quartz is absent, and
both plagioclase mnd potassium feldspars are present, along with hornblende. A large
amn)Llt of hydrothermal alteration was found in association with ironstones and flow-

- . banded rhivolit e along the borders of the intrusion in one location. Some highly altered
granit ic float waS AlSO 1 oun1d in this area.

Un~iit N 2 forms a series of' peaks along the crest of the Franiklini Mountains.
ini the central, highest p~art, overlying unit L2 ( figures 2. 3, and 4). It breaks thle
horiiontal con1tinuLity Of thle layering in Unit L4. suggesting it is igneous rather than
mietamiorphic in origin. The blocky teXtuired outcrop su~ggests Unit N2 is fine to
m'ed iull grained. [lie dark photo tone suiggests it is intermediate in composition,
so it is probably andesitic (table 2). Unit N 2 probably contacts metamorphosed
thle sedijimint a ry Units above and below it. which accoun~ts for the hiigher nietamnorphiiej grade in unit [2. compared to units LI and L3.
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FIGURE 14. Aerial Oblique View ot Unit N I in the Jarilla Mou~ntains.

U.nit N 2 J fis eld chCckedi inl several locationls ,110]l the I'ransmoun0,1tainl I ligh-
i I tire 15I I hand specimen, the matrix of the rock is line grailled. as pre-

dicted, and dairk inl color, ranging, from reddish, purplish. and brown to almost black.
Quart/ and p)otassium~ feldspar pheniocrysts indicate the rock is more silicic than
pred ic ted inl photo anal\ sis. but it appears to be within the intermediate range pre-
dicted. Flie rock is probably a qJUartz latite or a rliyolite.

X--

I FIGURE IS. Stereo Pair of Unit N 2 North of' the Transmotintain Highway.
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U nit N3 is ai smiall uinit in areal extent. forming fluvco t-anks and the southeast
paJrt I ( 11C a Mountains' I figures 2. 3, and lo). Generally light photo tone.
ALr\iliriear %liceetin 101111N. and the rounded. lumpjy texture of some of the outcrop~s

SuigQcNI unlit N., is granitic in composition (table 2). luLeCo Tanks was visitd in the
fielk, mnd hased onl hand Specimen analysis, the rock appears to be either a quartz
11101/01111C Or 1i q~urti diorite i figure 17,. The rock is probably granitic in the Organ
%Ioullnm I'll Is t lN ie boundaries of unit N3 in the Organ Mountains are quite
'.(rAigt. stwoetimg it wAas up~lifted alonlg faults to its present position (figures 3
a11d I~o

Sea le: Approximately 1:100.000

FIGURE 16. Units N3. N4, N5, and N6

in the Org-an Mountains.
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FIGURE 17. Unit N3 at Huieco Tanks.

Unit N4 is the most e\tensivv non-lavered rock unit in the stUdy area. It
occurs as iniselhecres around the Jarilla and [:ranklin Mountains: as isolated bodies
within the sedimentary units in the southern I lueco Mountains Werro Alto and Red
Hill1): and as lar,-e areas in the J arilla Mountains anld in the south1western and northi-
eastern parts of the O)rgan Niounitlinls ( tilcures 2. 3. and 16). 1he prevalence of
vertical jointing, the medium photo tone. and the rough. blocky phIoto teXtuire (table
2) sugge'st that unit N4 is finec to medium-Lrained. intcrnied i ce comnposit ion igneous
rock. probably either andesitic or dioritic.

Althoughi Unit N 4 Was njot field chckeCd. sanI pIe were collected from Red
I lill and ( err o Al to in 1 978. [Hie rock is light gray. O ne sample has a fine-grained
matmr withi horn blende phenocrysts. along with Iisoe Oquart / so it is p~robalyl a
dlaci Ce. ( thers, are complarable in comnposition. but are mned iu in to coarse grai ned.
probably quart/ diorites or lquartz iuonioiiites. Ani C\p)OSurc of unit N4 in the Jarilla
NIOLU~t~ilOW is slio%% 11 inl hiiure I S.

Unit N 5 occurs only in the Organ Mountains (figures 2.3. J n1d I0 ) . TlIe
photo pattern elemevnts of this unit are shown in table 2. [he light photo tone indi-
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FIGURL 18. Unit N4 in the Jarilla Mountains.

CalL"s it is silicic ill comnposition. and tile blocky teXtured outcrops and tine-textured
'l10j)Cs siieee'!st it is ('11e to InC~itIlli grained, Unit N5 is prohably a rhyolite or diorite.
U.nit \ .is not field checked bcause entry into thle Organ Mouniitains is proh ibi ted.

Uniiit NO forms thle northern part of' thle Organ MNlountai nS. thle hiighest elevations
inl the s1tidy area ( ig.ures 2. 3. and l16). [he photo lpat tern elements of unit N6 are
shown ill table .. The light photo tone. tile curvilinear sheeting joints. and the pre-
sence of spires suggest it is granitic in composition. U nit No wats not visited inl the
ficlil because of" restricted entry.
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